Objectives-Brain tumours cause considerable concern due to a high mortality and there are increasing eVorts to provide adequate care, sometimes outside hospitals. Health care utilisation, direct costs of care, and the indirect social cost of morbidity and early mortality caused by brain tumours in Sweden in the year 1996 was analysed. Methods-Quantification of ambulatory care, care in hospital, long term and palliative/terminal care, drug consumption, temporary as well as long term morbidity, and mortality from comprehensive national data sources. Direct costs were calculated using 1996 charges. Indirect costs were calculated by sex and age specific salaries. A sensitivity analysis considered the impact of alternative estimates of each item. Results-Indirect costs were 75% of the total and were caused mainly by early mortality. Direct costs were predominantly for care in hospital, long term care, and home health care. Among direct costs, astrocytomas III-IV and meningiomas accounted for 42% and 30% respectively. Conclusions-The cost of illness from brain tumours reflects the characteristics of these malignancies. Despite their low incidence rate, the economic impact caused by high mortality among young persons is a predominant trait. Costs of acute hospital care and also long term care and home care are considerable. (J Neurol Neurosurg Psychiatry 2000;69:792-798) Keywords: brain neoplasms; cost of illness; Sweden Each year in Sweden, primary brain tumours account for 3% of the tumour incidence.
Each year in Sweden, primary brain tumours account for 3% of the tumour incidence. 1 The diagnostic investigation and treatment for these patients is regionalised to six university hospitals, providing comprehensive assessment of each patient by specialists in neurology, neurosurgery, oncology, and neuroradiology.
The prognosis depends mainly on age at diagnosis and the histological type of the tumour with crude absolute survival during the first year after diagnosis ranging from 70% for type II astrocytomas, 45%-60% for type III astrocytomas, and 20%-27% for glioblastomas. Meningiomas have a crude survival for the first year of well above 90%. Over the years, the prognosis for brain tumours has improved slightly. [2] [3] [4] [5] [6] [7] [8] [9] [10] When assessing healthcare use and the costs of primary brain tumours at the national level, all tumour subtypes and grades need to be included, as brain metastases may mimic primary brain tumours.
Treatment varies according to histological type, patient age, and disability. [11] [12] [13] After initial therapy, the need of health care varies considerably depending on the development of the disease.
To our knowledge, health care utilisation and costs of brain tumours have only been studied among selected subgroups of patients, and mainly for new types of treatment. Many studies have been based on case series, typically from one local hospital. Cost analyses have included only direct hospital costs or direct homecare costs. In cost eVectiveness analyses, eVect data have been summarised from the literature whereas costs have been taken from hospital charges. EVorts to improve economic analyses of patients with cancer by including costs to society and quality of life measures are discussed, but remain to be presented. [34] [35] [36] [37] [38] [39] We have not found any comprehensive analyses of healthcare use or costs of brain tumours at a national level. Cost of illness studies aim to estimate the burden on society caused by a disease. They include direct medical costs and indirect costs caused by absence from work or premature mortality. 40 The aim of this study was to describe healthcare utilisation, direct costs of care, and the indirect societal costs of morbidity and early mortality caused by brain tumours in Sweden during the year 1996.
Material and methods

SETTING
Sweden (population 8.8 million) has a public healthcare system, based on county councils. Health care is financed mainly by county taxes and both hospitals and primary healthcare centres have defined primary catchment areas. Drug costs, sickness leave compensations, and early retirement pensions are covered by national social security programmes. The private health care sector is small.
MATERIAL
Incidence of primary brain tumours and mortality data as well as healthcare use were obtained by selecting statistics from diVerent sources. International classification of diseases (ICD9) codes 191, 192 A, B (malignant brain tumours), 225 (benign brain tumours), and 237 A, B, F,G ,X, 239 G (tumours of unknown type in the nervous system) were used. For sources using ICD10, diagnoses C70, C71, C72 (malignant brain tumours), D32, D33 (benign brain tumours), and D42, D43 (brain tumours of unknown origin) were selected.
In Sweden, all intracranial primary tumours are reported to six regional centres of oncology and compiled in the national tumour registry.
Pituitary gland tumours are classified as endocrine tumours and were not included. About 90% of all incident cases are confirmed histologically. 1 The histological type of the brain tumour is recorded regionally but not reported in the year book on Cancer Incidence in Sweden. We used data from the regional centre of oncology of the Western Health Care Region (population 1.6 million) to assess the distribution of histological subtypes.
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To quantify short term hospital care, we used data from the National Inpatient Register, Centre for Epidemiology, National Board of Health and Welfare. All admissions in 1996 with brain tumours as primary or secondary diagnosis were selected, including the patients' sex, age, operations, or major procedures performed. Nursing home care was assessed from the inpatient registry and the literature. Ambulatory care at hospitals was assessed by 1996 and 1997 statistics from all four hospitals in one county council (population 448 000). Visits in primary health care were obtained from a primary healthcare database. 41 The National Diagnosis Therapy sample survey, covering all ambulatory health care in Sweden since 1978, was also explored. 42 Drug use was based on clinical guidelines.
Statistics of episodes of sickness leave were obtained from a 1990 national sample survey, performed by the National Social Insurance Board. 43 Data were corroborated by comparisons with the Swedish Cancer Registry, the Swedish Death Register, and the National Inpatient Register. 44 Data on permanent disability were collected from statistics of early retirement pensions 1996 and 1997, and all prevalent cases receiving compensation in 1996 from the National Social Insurance Board. 45 46 Data were analysed by diagnosis, sex, and degree of compensation.
Mortality was assessed by analysing data from brain tumours as the underlying cause of death in the Swedish Death Registry 1996. 44 For patients with brain tumours admitted to hospitals during 1996, causes and dates of death were linked from the same source.
The distribution of direct costs among tumour subtypes was estimated from information on utilisation of diagnostic radiology (CT and MRI), major surgery, radiation therapy, and cytostatics for 136 patients with verified diagnoses at the Sahlgrenska University Hospital, 1996. Costs by subtypes were computed using charges. 47 The distribution was then applied to the national direct costs.
To calculate the indirect costs by tumour subtype, detailed data on sickness leave episodes, early retirements, and mortality are needed. This information is not available for 1996.
METHODS
All data were corroborated from other sources whenever available, tabulated, and also computed by 100 000 population. The impact on total costs of the uncertainty of estimates was considered in a sensitivity analysis.
The economic analysis was performed by the cost of illness approach. 48 49 Briefly, this method aims at calculating the magnitude and mix of diVerent types of costs caused by a disease to society. Firstly, direct costs of all types of healthcare utilisation were calculated by quantifying each type of care. Costs were calculated by applying charges from a national survey (appendix). 50 Costs outside the healthcare sector to family members, relatives and friends, or need of additional support of home services may be considerable. 33 It was not possible to quantify these items reliably.
Indirect societal costs of the disease were computed by analysing the time lost due to temporary and permanent morbidity as well as premature mortality. The time lost was then valued by sex and age specific salaries (human capital method), obtained from national income statistics, including a 36.4% mark up to cover employers' costs. 51 Only time lost before 65 years of age (age of old age pension) was considered. We did not consider future increases of productivity in future salaries. Costs of future life-years of lost production were discounted to 1996 at a 5% interest rate.
Cost of illness analyses may use a prevalence approach to compute the costs. Based on cross sectional data, all consequences of the disease are then included during the baseline year. 48 Future consequences of premature mortality may then also be included and brought to the baseline year. Alternatively, incident cases may be monitored over time, data accumulated, and the costs calculated. As national annual data on all cases were available for most major items, we used the prevalence approach.
All costs were expressed in Swedish Crowns (SEK) and subsequently converted to US$ at the 1996 exchange rate (1 US$=6.70 SEK).
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Results
The distribution of all intracranial brain tumours by histological subtypes during two decades is presented in table 1. The prevalence in Sweden was 3000 persons. 1 
AMBULATORY CARE
The annual number of visits caused by brain tumours (malignant, benign, and unclassified) at hospital outpatient departments were on average 75 visits/100 000/year. The number of visits/person during 1996 and 1997 ranged from 1.4 to 1.7 (table 2) .
During a 10 year period, 13% of the visits were at primary healthcare centres, and the remaining 87% at hospital clinics. The Diagnosis Therapy Survey 1988-97 yielded too few observations to give stable estimates of the annual number of consultations. Patients with brain tumours may consult private physicians but there are no national data on this.
To corroborate the estimates of ambulatory care we considered a typical chain of visits. Initially, a patient visits primary care, and is then referred to a neurologist. Diagnostic and perioperative consultations may result in at least five visits for 1100 incident tumour patients, or 5600 visits. About 960 persons receive early retirement pension for brain tumours each year, an additional 1000 patients are younger than 20 years or older than 64 years. These patients need at least one visit a year, which brings a total of 7500 visits a year.
CARE IN HOSPITAL
Admissions of patients with brain tumours accounted for 0.5% of the 1996 national total. Among these, 42% of the patients had a primary diagnosis of malignant brain tumour, 21% benign brain tumour, and 15% undefined brain tumour. The remaining patients had brain tumours as secondary diagnoses. Each patient was admitted 2.3 times-that is, 3700 persons were admitted, or 42 persons/100 000.
The patients were admitted mainly to clinics of internal medicine (34%), neurology (18%), and neurosurgery (21%). The mean duration of stay was 8.8 days (SD 20.2) (table 3) .
An operation or a major procedure was performed during 24% of the admissions. Most frequent were neurosurgical operations (19%)-that is, extirpation of tumours (radical, subtotal or partial), followed by stereotactic biopsies.
Most patients (78%) were admitted directly from their homes, and 21% from other clinics or hospitals. Two thirds of those admitted during 1996 were discharged to their own homes, and 25% to other clinics or hospitals.
LONG TERM CARE, PALLIATIVE/TERMINAL CARE
In 1996, there were 680 discharges from long term clinics, with a median duration of stay of 18.0 days (quartile range 26.0).
About 60 units provided home health care or specialised palliative home care. 53 It is estimated that during 1996, 150 persons received on average 6 months of terminal care outside hospitals. Use of long term care and home health care for patients with brain tumours is summarised in table 4.
DRUG CONSUMPTION
The most common drugs prescribed for patients with brain tumours in ambulatory care were corticosteroids (betametazone), antiepileptic drugs (carbamazepine), antiulcer medication (omeprazol), and analgesics (dextropropoxiphene). Based on clinical guidelines the average daily dosage of these drugs was estimated to be 1 mg betametazone, 800 mg carbamazepine, 20 mg omeprazol, and 195 mg dextropropoxiphene (table 5) .
Drug use by patients admitted to hospitals is not available. These costs are, however, seldom specified but included in the cost/bed-day or cost/admission.
TEMPORARY MORBIDITY
The number of sickness leave episodes for malignant brain tumours reported in a national survey 1990 was 200 for men and women. The duration was very long, and the number of compensated days was 61 000. In addition, an equal number of sick leave episodes and days is estimated to have been compensated for, for patients with benign and undefined tumours, or a total of 120 000 days with 53% attributed to women (table 6).
LONG TERM MORBIDITY
In 1996, 146 men and women were granted early retirement pensions for brain tumours, (0.4% of annual total), or 1.7 per 100 000 population. Almost two thirds of these had malignant brain tumours and 73% received full compensation. The median age was 47 years for both men and women. Provided that these persons would survive until the age of 65 (age of ordinary old age pensions), 2100 productive life years would be lost. The distribution between internal medicine (2/3) and surgery (1/3) is based on the distribution of admissions. Among persons already receiving early retirement pensions in 1996, 972 persons (0.2% of a total of 403 800) had brain tumour as an underlying diagnosis (11.0/100 000, table 7). Of these, 72% received full compensation, and 49% had malignant brain tumours.
Life-years lost was calculated from the prevalent group, stratified by sex and age, and recalculated to full time work equivalents.
MORTALITY
In 1996, 736 persons (0.8%) had brain tumours as an underlying cause of death (8/100 000 population). Of these, 74% had malignant tumours, 18% histologically undefined brain tumours, and the remainding 8%, benign brain tumours. For malignant brain tumours, 48% of those dying were 64 or younger. Among those having benign or histologically undefined brain tumours, less than a fifth were younger than 65. The total productive life-years lost and the costs are presented in table 8 .
To validate this, we also assessed our data on the 3700 persons admitted during 1996. The mortality among these patients was high, and 25.8% died during the same year. The most common cause of death was brain tumours (62.3%), followed by other tumours (24.8%)-notably, lung cancer. Among those who were admitted and then died, most (70%) died in a hospital. DIRECT 
COSTS
The direct costs of health care for brain tumours in Sweden were 51.7 million US$, or 5.9 million US$/million population (table 9) . Of these costs, 71% were for short term care in hospital. Admissions at clinics of neurosurgery and internal medicine accounted for about a fifth of these. Long term care, including hospital based home care, accounted for 19% of the total. Ambulatory care was only 3% of the total; this was mainly visits to hospital specialists.
INDIRECT COSTS
The costs of temporary morbidity were 11.6 million US$, or 1.3 million US$/million population (table 9). The numbers of compensated days were fewer for men than for women but the costs were higher, reflecting the fact that male salaries were higher. Early retirement pensions granted in 1996 and earlier caused costs of lost production of 28.8 million US$ or 3.3 million US$/million population. Mortality among those younger than 65 took the largest part of the costs with 109.7 million US$ or 12.5 million US$/million. The total indirect costs were 17.1 million US$/million population.
TOTAL COSTS
The total cost of illness in 1996 was 201.8 million US$ or 22.9 million US$/million (table 9). Indirect costs were 74%, and 73% of these were in turn due to early mortality. The direct cost constituted 26%, chiefly for care in hospital and long term care.
DIRECT COSTS BY TUMOUR SUBTYPE
The accumulated direct costs by tumour subtype are summarised in table 10. The total costs/patient in our subset was 14.460 US$, with 6.4% attributed to diagnostic eVorts, and the remainder for therapy. In 1996, 79.9% of therapy costs were attributed to surgical wards, 19.2% to radiology therapy, and 0.9% to the use of cytostatics. Astrocytomas III-IV took the largest part, followed by meningiomas. The distribution among tumour subtypes of the Life-years lost from death through 64 years. Undiscounted. Future incomes discounted at 5% interest rate. The volumes of hospital admissions for primary brain cancer were based on comprehensive national data. It might, however, be worthwhile to perform these analyses by only including admissions for patients with brain cancer as a primary diagnosis. The number of admissions would then decrease by 21.8 percentage points. With a constant distribution of bed days among clinics, the direct costs would decrease by 15.5 percentage points and the total costs by 4.0 percentage points.
Long term care information was taken from the national inpatient registry, and we consider it to be reliable. If only patients with a primary diagnoses of brain cancers are considered, 68.2% of the admissions would be included. The costs of long term care would then decrease from 7.0 million US$ to 4.8 million US$. The total costs of long term care and home health care combined would decrease by 22.2 percentage points. The direct costs would decrease by 4.3 percentage points and the total costs by 1.5 percentage points.
Drug use was estimated from clinical guidelines but the exact number of patients receiving drug treatment outside hospitals during a year is not known. We estimated that 2550 patients received drug treatment. The duration of treatment was estimated as 6 months for the 550 incident cases, and 12 months for 2000 prevalent cases. If the number of patients changed by 20%, direct costs would change by 1.4 percentage points and the total costs by only 0.3 percentage points. In our main alternative, all patients received antiulcer medication to prevent possible adverse reactions of corticosteroids. The cost of antiulcer medication was 65.5% of the total annual drug cost/patient. Apparently, any reduction of this proportion or its costs would reduce total drug costs considerably.
Sickness leave days were estimated from a sample survey and compared with bed days in inpatient care. There are no other contemporary sources available to corroborate this. If the number of days compensated is either 20% lower or higher, the corresponding indirect costs would change by 1.5 percentage points and the total costs by 1.1 percentage points.
We calculated the indirect costs of early retirement pensions, based on prevalent cases. This group actually comprises patients with incident tumours granted a pension during 1996 and patients who received pensions earlier. This group is also diminished by mortality, both from brain tumours and other causes.
In cost of illness studies, the costs of permanent morbidity are sometimes calculated from incidence data due to lack of data on prevalence. Statistics were also available by sex, age, and grade of compensation for all new early retirement pensions in 1996. Provided that they would have lived until 65 (age of ordinary old age pension), a future 2106 productive years would have been lost, or 14.4 years/person. Given the high mortality among patients with primary brain tumours, this is most likely a high estimate. As we do not have any individual data on mortality among patients with primary brain tumours with an early retirement pension, we instead used data on all prevalent cases.
We used national statistics on sex and age specific causes of death 1996. Missing data on causes of death that year were 0.8%. 44 It is, however, unlikely that this would be selective for patients with brain tumours and have any major impact on our calculations.
The consequences of mortality may be considered only during the baseline year. Confining the indirect cost of mortality to the year 1996 only would have brought a cost to society of 10.5 million US$, or 9.6% compared with the total accumulated and discounted cost of mortality.
The distribution of direct costs by tumour subtypes was based on detailed data from one regional database 1996 with both local as well referred patients. As not all patients may be referred for evaluation due to advanced disease, these data may underestimate tumours with high mortality or severity. The distribution of direct costs between surgery, radiation therapy, and cytostatics has also changed after 1996, due to the development of care.
All costs were originally calculated in Swedish Crowns (SEK) and then recalculated to US$ by the average 1996 exchange rate. This rate varied considerably during the 1990s, implying that another base year would have brought diVerent costs. However, the distribution between cost items would have been similar.
Discussion
Our main finding was that the costs of primary brain tumours in Sweden 1996 were predominantly indirect costs, caused by early mortality, early retirement, and sickness leave. Together, these consequences caused 75% of the total, with direct costs of health care being only 25%. The largest portion of these, about 70%, came from care in hospital while long term care and home health care comprised the remainder.
Considering the reliability of our data sources in a sensitivity analysis, the largest costs items were care in hospital and mortality. Both of these were based on comprehensive national statistics, with a high precision and validity.
We were able to assess that the astrocytomas III-IV and other malignant types were behind more than half of the direct costs. This is a consequence of a high incidence rate, disease severity, and high mortality. We have no original data for 1996 on morbidity or mortality by tumour subtypes, necessary to estimate indirect costs. The high mortality among patients with astrocytomas III and IV implies, however, that they would have a large proportion of these costs.
On the national level, the direct costs of brain tumours were 0.3% of the direct cost and 0.5% of the total indirect costs in 1996. 54 Comparing the costs of brain tumours to costs of the tumour disease group indicates that brain tumours accounted for 5.4% of the direct costs and 9.8% of the indirect costs. 55 Mortality among patients with brain tumours causes a substantial economic impact to society, and changes in survival have the greatest influence on the total costs. This is mainly a consequence of two factors. One is a considerable mortality among young and middle aged persons. It is also a consequence of a sex diVerence of mortality. In 1996, the number of men and women dying of primary brain cancer was almost equal but 48% of the men died before 65 years of age, compared with a third of the women. Because the indirect costs are calculated using sex and age specific salaries, a high proportion of men dying early will have a considerable impact on the total costs.
The direct costs were predominantly for care in hospital. In addition, eVorts and time spent by families, relatives, and friends are indeed important for the care of these patients. However, it was not possible to quantify the extent of this, and thereby impossible to calculate the economic consequences. Some patients reside permanently in nursing homes, due to persistent impairment. Also, for this group there were no comprehensive statistics available. Therefore we may have underestimated these costs.
The strength of our study is that we have been able to use national cross sectional data. Also, the main cost components, care in hospital as well as loss of productive life-years due to premature mortality, were based on complete national data sources. The charges we used when costing in hospital services were obtained from a recent national survey. Salaries, used to value the time lost, were retrieved from the national statistics, based on all income tax returns in Sweden.
A caveat of our study is that original data on ambulatory care as well as drug use outside hospitals were scarce. However, the proportion of these items, even after making allovances for this uncertainty, was only moderate. Our calculations of the costs by tumour subtype were based on regional data as no national data were available.
The cost of illness method has been criticised as it does not compare alternatives. Thereby, it does not immediately enhance our ability to reach cost eVective decisions of the choice between methods in diagnostics or treatment. Also, the method has several characteristics developed over time but with weak foundation in economic theory. 56 57 The inclusion of indirect costs has also been questioned. 58 It is worth considering again that the purpose of the method is to calculate the magnitude and mix of the total economic consequences of a disease, caused by morbidity as well as mortality, during one time period, and in one defined geographical area. Thereby, these analyses bring information appreciated by decision makers, executives, and administrators, as they provide an overview of the total economic impact of a disease. These analyses thus provide a framework, and point of reference for more detailed studies. 48 49 They are not an alternative to cost eVectiveness or cost utility analyses, but a complement.
In conclusion, our economic analysis of the cost of illness of brain tumours reflects the characteristics of these malignancies. Despite its low incidence rate, the economic impact caused by a high mortality rate among young persons, is a dominant trait. In addition, the costs of hospital care, but also long term care and home care, are considerable.
